This paper discusses the phenomena of electron emission from sliding contacts with a focus on the possible role of charged-particles in tribochemical processes. A review is presented of (i) experimental work on triboemission of lowenergy electrons from scratching of ceramics at low sliding speeds, (ii) the importance of emitted electrons for initiating tribochemical reactions, and (iii) research on the conditions for thermionic electron emission from metals during sliding contact, Specific connections are made between the NegativeIon Radical Action Mechanism (NIRAM) and recent experimental results in the fields of triboemission and tribochemistry, including tribopolymerization.
To further study triboelectron emission experimentally, new research was initiated with the development by Molina of a new high-vacuum triboemission instrument [4] . Charge measurement is made by a Channel-Electron Multiplier (CEM) in the pulse-counting mode, with a biased-grid placed between the emitting surfaces and the detector. The contact geometry consists of a flat rotating disk scratched by a stationary pin, ball, or diamond stylus. The level of vacuum, as low as 2x10 -8 Torr, together with appropriate grounding and shielding, keeps the background-noise lower than 1 count/sec. For triboemission measurements, the low loads and sliding speeds used precluded thermionic emission from sliding contacts. See [4] for a detailed description of the instrument.
The work of Molina et al. [4] [5] [6] characterized (a) bursttype negatively-charged triboemission during sliding at constant load and speed and (b) decaying emission after the contact ceased from diamond-on-alumina, diamond-onsapphire, diamond-on-silicon nitride and alumina-on-alumina. They also detected large fractions of these triboelectrons having low-energy (1 to 5eV) [4, 5] .
Molina et al [6] reported evidence that diamond scratching of Si and of Ge emits electrons. Triboemission rates from Si were significantly higher than those from Ge; it was hypothesized that this difference could relate to material hardness. Molina et al. also reported the absence of semiconductor triboemission after the contact ceased when compared to significant post-contact triboemission from insulators [6] . This may be related to surface charging for insulators, as compared to negligible charging for semiconductors. Diamond scratching of metals does not produce significant electron emission [4, 5] .
Although the origin of triboemission is not yet clear, it is apparent that important fractions of the electron outputs are emitted for energies lower than the electron work function (WF) of the bulk materials. The authors believe that (a) reduction of WF due to plastic deformation, (b) increased dislocation density during sliding and (c) surface charging are essential to electron triboemission from insulators [6] .
THE NIRAM CONCEPT, TRIBOCHEMISTRY AND TRIBOPOLYMERIZATION
Triboemitted particles are suggested as playing a significant role in tribochemical reactions under boundary lubrication conditions, including the mechanism of tribopolymerization [1, 7] . The NIRAM concept developed by Kajdas is based on the mechanism of ionization of organic compounds caused by the action of low-energy electrons [1] .
The NIRAM concept of Kajdas has proven to be a valuable tool in examining tribochemical reactions; it is a more rational, scientific approach to a complex topic which in the past has been associated with the mysterious and unpredictable. The NIRAM mechanism, which shows the importance of low-energy triboemitted electrons, has been particularly helpful in our understanding of the process of September 12-16, 2005, Washington, D.C., USA 
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However, there are still some questions which remain to be answered. Our experience with the vapor phase lubrication of alumina with various monomers is a case in point [7] . Each of four vinyl monomers in dry nitrogen significantly reduced wear, including one monomer which was not predicted to polymerize. All showed reactions with alumina. Obviously, the processes occurring on and at the sliding surfaces in the vapor phase studies are more complex than originally envisioned. More research is needed to understand the tribochemistry taking place. Low-energy triboelectrons are also important for tribocatalytic processes. Most surface catalytic reactions and the formation of surface intermediates involve charge transfer, either an electron transfer or proton transfer. These processes are often viewed as modified acid-base reactions. It may be possible to connect these ideas with the NIRAM approach,-the link being low-energy electrons [ 8] .
THERMIONIC EMISSION STUDIES
The emission of electrons from a surface due to heating, called thermionic emission, has been examined theoretically for the sliding contact of 19 pure metals and one semiconductor by Vick et al. [9] . A thermal model previously developed for sliding contact was used to predict the temperature rise over the surface and the RichardsonDushman equation for thermionic emission was then used to predict the corresponding current density from the surface.
Results demonstrated that high local temperatures generated by friction at the contacts between rubbing surfaces can activate significant emission of electrons depending on the work function of the metal, area of contact, and conditions. A study using time varying, multiple contacts suggests that the locations of high thermionic activity are likely to be short lived and highly dynamic. These localized, dynamic regions of intense electronic emission could act as catalytic sites for chemical activity.
Thermionic emission due to frictionally generated temperatures in sliding contact could have a number of important consequences including activation of tribochemical reactions according to the NIRAM approach and enhancement of surface reactivity. Further studies on connections between frictionally generated surface temperatures, thermionic emission and surface chemistry are warranted.
PLANS FOR FUTURE RESEARCH
Plans for future research on triboelectron emissionincluding thermionic emission of electrons in sliding contact-and tribochemistry will involve both theoretical as well as experimental studies. Based on the theoretical predictions of Vick that significant thermionic emission of electrons can occur from low work function metals under high energy input conditions, we plan to carry out measurements in our triboemission instrument to confirm this. The theoretical studies will also include the application of chemical modeling methods to examine the probable orientation of monomer molecules on solid surfaces prior to reaction and polymerization. For this work, we intend to use the Virginia Tech supercomputer and our CHEM-X® software.
Experimental studies coupling surface temperature, thermionic emission, and catalysis are planned using hot-wire techniques..
CONCLUSIONS
In conclusion, background and key results of fundamental research on triboemission and connections with tribochemical reactions, including tribopolymerization as a mechanism of boundary lubrication, are summarized. Measurements of triboemitted electrons are described and the importance of low-energy electrons in tribochemistry discussed. The NIRAM concept of Kajdas and its contributions to our understanding of tribopolymerization is summarized. Theoretical calculations of thermionic emission as a possible source of electrons in tribological processes are described and key elements of future research outlined.
